Expression of constitutively active Notch1 in male genital tracts results in ectopic growth and blockage of efferent ducts, epididymal hyperplasia and sterility.
The Notch signaling pathway is involved in a variety of developmental processes. Here, we characterize the phenotypes developing in the reproductive organs of male transgenic (Tg) mice constitutively expressing the activated mouse Notch1 intracellular domain (Notch1(intra)) under the regulatory control of the mouse mammary tumor virus (MMTV) long terminal repeat (LTR). Tg expression was detected in testis, vas deferens and epididymis by Northern blot analysis. In situ hybridization with a Notch1-specific probe lacked sensitivity to detect expression in normal-appearing cells, but demonstrated expression in hyperplastic epithelial cells of the vas deferens, epididymis and efferent ducts. Tg males from three independent founder lines were sterile. Histological analysis of reproductive organs of young Tg males (postnatal ages 8 and 21) showed no difference compared to those of non-Tg males. In contrast, in adult Tg mice from day 38 onwards, the efferent ducts, the vas deferens and most epididymal segments revealed bilateral epithelial cell hyperplasia with absence of fully differentiated epithelial cells. Electron microscopy confirmed the uniformly undifferentiated state of these cells. Immunohistochemistry with anti-PCNA antibody also revealed enhanced proliferation of Tg epididymis. In adult Tg testis, the different generations of germ cells of seminiferous tubules appeared normal, although some tubules were highly dilated and revealed an absence of early and/or late spermatids. The epithelial cells of the Tg tubuli recti and rete testis were not abnormal, but the rete testis was highly dilated and contained numerous spermatozoa, suggesting a downstream blockage. Consistent with a blockage of efferent ducts often seen at the rete testis/efferent duct interface, spermatozoa were absent in epididymis of all adult Tg mice and in all highly hyperplastic efferent duct tubules of these Tg mice. Such a blockage was visualized by injection of Evans blue dye into the rete testis lumen. Finally, the presence of ectopic hyperplastic efferent duct tubules was observed within the testicular parenchyma itself, outside their normal territory, suggesting that Notch1 signaling is involved in the establishment of these borders. This phenotype seems to represent a novel developmental defect in mammals. Together, these results show that constitutive Notch1 signaling significantly affects the development of male reproductive organs.